Tumor thrombus is a unique characteristic of renal cell carcinoma (RCC). However, only a few studies have reported its clinical influence on the occurrence of venous thromboembolism (VTE). This study aimed to clarify the influence of tumor thrombus and other risk factors for VTE and to elucidate the impact of tumor thrombus on survival outcomes. We retrospectively reviewed data from patients with RCC who underwent radical or partial nephrectomy from September 1999 to August 2015 at Seoul National University Hospital. A total of 2762 patients were enrolled. The 1-and 5-year cumulative incidences of VTE were 0.5% + 0.1% and 1.5% + 0.3%, respectively. During a median follow-up of 39.0 months (95% confidence interval [CI], 37.1-41.0 months), deep vein thrombosis occurred in 13 patients and pulmonary embolism in 15 patients. Patients with tumor thrombus (diagnosed by surgical pathology findings) had a significantly higher incidence of VTE than those without thrombus (odds radio 8.160, 95% CI, 1.480-45.004). Older age (!60 years) and higher preoperative C-reactive protein (>0.5 mg/dL) were also significant risk factors for VTE. Additionally, tumor thrombus was independently associated with worse progression-free survival (PFS) but not with overall survival (OS) in multivariable analysis (hazard ratio [HR] 1.916, 95% CI, 1.295-2.834 for PFS; HR 1.164, 95% CI, 0.755-1.793 for OS). In conclusion, the incidence of VTE was relatively low in patients who underwent surgery for RCC. Nevertheless, patients with tumor thrombus had an increased risk of VTE and should be closely monitored for VTE.
Introduction
Venous thromboembolism (VTE) is one of the major complications of many malignancies. Patients with a malignancy have an approximately 4-to 6.7-fold increased risk of VTE compared to the general population. [1] [2] [3] Because VTE increases in-hospital morbidity, cost of hospitalization, and possibly mortality, it is an important problem in patients with malignancies. [4] [5] [6] The incidence of VTE in malignancy is influenced by cancer characteristics, including the type and stage of tumor, as well as the length of time from diagnosis. 3, 7, 8 Previous large population studies showed that the incidence of VTE was highest in the first few months after cancer diagnosis, then decreased over time. 3, 8 In addition, several large-scale studies reported that patients diagnosed with metastatic gastrointestinal, bladder, uterine, and kidney cancer had a 6 to 25 times increased incidence of VTE, compared to those with other cancer types or localized disease. 3, 9, 10 As the risk of VTE varies according to cancer features, appropriate prophylaxis and monitoring for VTE may depend on a patient's disease status. Renal cell carcinoma (RCC) is associated with an increased risk of VTE, with an incidence rate of approximately 1.3% to 3.8% during 2-year follow-up. 9 In addition, migration of tumor into the renal vein and inferior vena cava, resulting in tumor thrombus formation, is a unique characteristic of RCC, found in approximately 4% to 10% of patients with this tumor. 11 Furthermore, similar to lymph node involvement or metastasis, thrombus has been found to have an important predictive role in patient prognosis. 12, 13 Venous tumor thrombus can activate the vascular endothelium and disturb venous blood flow, which may increase the risk of VTE. 14, 15 However, the clinical effects of tumor thrombus on VTE have not been well established, and few studies have reported significantly increased risks of VTE in patients with tumor thrombus. 16, 17 The aims of this study were to elucidate the influence of tumor thrombus on VTE development and survival in patients who underwent surgical management for RCC. Additionally, we sought to identify other risk factors for VTE, such as patient age, hemogram results, and levels of inflammatory markers.
Materials and Methods

Patient Characteristics and Data Collection
We enrolled patients with pathologically confirmed RCC who underwent surgery at Seoul National University Hospital between September 1999 and August 2015. All patients underwent either radical or partial nephrectomy; for those suspected of having tumor thrombus based on preoperative image studies (eg, computed tomography [CT]), thrombectomy was also performed.
Clinical information regarding patients was retrospectively collected through a medical records review. The data included patient baseline characteristics, tumor histology and characteristics, tumor stage at the time of surgery, the presence or absence of tumor thrombus, and results of preoperative laboratory tests, including C-reactive protein (CRP), hemoglobin, and platelet, neutrophil, and lymphocyte counts. Tumor thrombus was defined as the presence of tumor thrombus confirmed by pathology after surgery. The neutrophil-to-lymphocyte ratio (NLR) was calculated by dividing the neutrophil count by the lymphocyte count. Postoperative VTE events were defined as pulmonary embolism (PE) or deep vein thrombosis (DVT). They were diagnosed using angiography, CT, and Doppler sonography. The value of laboratory tests was obtained before surgery.
Study End Points
The primary objective of this study was to evaluate the incidence and risk factors for VTE in patients with RCC who underwent surgery. We specifically evaluated the association between tumor thrombus and the occurrence of VTE. The secondary objective was to evaluate survival outcomes and to determine prognostic factors for survival. 
Statistical Analysis
The cumulative incidence of VTE was calculated from the date of surgery to the detection of thromboembolism by diagnostic imaging. Progression-free survival (PFS) was defined as time from the date of surgery to the date at which disease progression was confirmed by imaging. Overall survival (OS) was defined as the time from the date of surgery to the date of either death or last follow-up. The incidence of VTE was analyzed using Pearson w 2 or Fisher exact test, as appropriate. KaplanMeier curves were used to analyze the cumulative incidences of VTE, PFS, and OS. Cutoff values of the continuous variables were either normal values (hemoglobin, platelet count, and CRP) or median values (age and NLR). Variables with P values <.05 in univariable analysis were considered for the multivariable analysis, which was performed using the logistic regression model and Cox proportional hazard model. All statistical tests were 2 sided; significance was defined as P <.05. All analyses were performed using IBM SPSS version 23.0 (IBM, Armonk, New York).
Ethical Considerations
This study was approved by the Seoul National University Hospital institutional review board (H-1710-095-895). It was conducted in accordance with the Declaration of Helsinki guidelines for biomedical research.
Results
Patient Baseline Characteristics
From September 1999 to August 2015, a total of 2762 patients underwent surgery. Radical nephrectomy was performed in 1436 (52.0%) patients; of these, 921 (33.3%) underwent open surgery, 367 (13.3%) underwent transperitoneal laparoscopic surgery, 124 (4.5%) underwent hand-assisted laparoscopic surgery, 15 (0.5%) underwent retroperitoneal laparoscopic surgery, and 9 (0.3%) underwent robot-assisted surgery. Partial nephrectomy was performed in 1326 (48.0%) patients; of these, 1038 (37.6%) underwent open surgery, 201 (7.3%) underwent robot-assisted surgery, 70 (2.5%) underwent transperitoneal laparoscopic surgery, 15 (0.5%) underwent retroperitoneal laparoscopic surgery, and 2 (0.1%) underwent hand-assisted laparoscopic surgery. Baseline characteristics of the patients are summarized in Table 1 .
Incidence of VTE
The median follow-up duration of all 2762 patients was 39.0 months (95% confidence interval [CI], 37.1-41.0 months). The 1-and 5-year cumulative incidences of VTE in all patients were 0.5% + 0.1% and 1.5% + 0.3%, respectively ( Figure 1A ). During follow-up, 28 VTE events occurred in 28 patients (1.0%); DVT occurred in 13 patients and PE occurred in 15 Figure 1 . Cumulative incidence of venous thromboembolism (VTE) in patients with renal cell carcinoma: (A) in all study patients, (B) according to the presence or absence of tumor thrombus (5-year cumulative incidence: 1.0% vs 10.4%, P < .001), (C) according to age (5-year cumulative incidence: 2.8% vs 0.1%, P < .001), and (D) according to C-reactive protein (5-year cumulative incidence: 6.0% vs 0.1%, P < .001).
patients. The median time to occurrence of VTE was 9.4 months (95% CI, 0.0-23.9 months) after surgery.
In univariable analysis, older age (!60 years), advanced T stage, the presence of tumor thrombus, and an increased preoperative platelet count (>400 Â 10 3 /mL) and CRP (>0.5 mg/dL) were associated with a significantly increased incidence of VTE when all patients were considered (P < .05 for all factors; Table 2 ; cumulative incidence of VTE: Figure 1B for tumor thrombus, Figure 1C for age, and Figure 1D for CRP). In subgroup analysis of patients who were not diagnosed with stage IV at the initial diagnosis, older age (!60 years), the presence of tumor thrombus, and an increased preoperative platelet count (>400 Â 10 3 /mL) and CRP (>0.5 mg/dL) were associated with an increased incidence of VTE in univariable analysis (P < .05 for all factors; Table 3 ). In multivariable analysis, older age (!60 years), the presence of tumor thrombus, and increased preoperative CRP (>0.5 mg/dL) were risk factors for an increased incidence of VTE when all patients were considered (odds ratio [OR] 8.608, P ¼ .006 for age; OR 8.160, P ¼ .016 for tumor thrombus; OR 4.144, P ¼ .035 for preoperative CRP; Table  2 ). In subgroup analysis of patients who were not diagnosed with stage IV at the initial diagnosis, older age (!60 years), the presence of tumor thrombus, and increased preoperative platelet count (>400 Â 10 3 /mL) were associated with a significantly increased incidence of VTE in multivariable analysis (OR 14.935, P ¼ .016 for age; OR 8.222, P ¼ .010 for tumor thrombus; OR 7.745, P ¼ .036 for preoperative platelets; Table 3 ). 
Survival Outcomes
During follow-up, 5-year PFS and OS were 85.2% + 0.9% and 87.7% + 0.8%, respectively. In univariable analysis, older age, poor Eastern Cooperative Oncology Group (ECOG) status, papillary type, advanced T stage, the presence of lymph node or distant metastases, tumor thrombus, exophytic type, and elevated preoperative platelet count, NLR, and CRP were prognostic factors for poor PFS (Table 4 ). In addition, age, ECOG status, histology, T stage, N or M stage, tumor thrombus, tumor extrusion, and preoperative hemoglobin, platelet count, NLR, and CRP were prognostic factors for OS in univariable analysis (Table 5 ). Tumor thrombus was an independent factor for poor PFS but not for OS in the final multivariable analysis (hazard ratio [HR] 1.916, 95% CI, 1.295-2.834, P ¼ .001 for PFS; HR 1.164, 95% CI, 0.755-1.793, P ¼ .492 for OS; Tables 4 and 5, Figure 2A and B). Poor ECOG status, advanced T stage, and increased preoperative NLR (!1.87) were also associated with poor PFS in multivariable analysis (HR 1.509, P ¼ .009 for ECOG 1; HR 4.115, P < .001 for T2; HR 4.745, P < .001 for T3; HR 8.750, P < .001 for T4; HR 1.710, P ¼ .003 for preoperative NLR; Table 4 ). Additionally, older age, worse ECOG status, papillary type, advanced T stage, advanced N or M stage, and increased preoperative NLR (!1.87) and CRP (>0.5 mg/dL) were risk factors for worse OS in multivariable analysis (HR 1.585, P ¼ .003 for age; HR 1.478, P ¼ .020 for ECOG 1; HR 2.401, P ¼ .001 for ECOG 2; HR 1.612, P ¼ .032 for papillary type; HR 3.078, P < .001 for T2; HR 4.221, P < .001 Table 5 ).
Discussion
Venous thromboembolism (VTE) is a risk factor for poor prognosis in patients with cancer; previous studies have reported that patients with VTE have a higher mortality rate than those without VTE. 6 In the present study, we found that patients with RCC tumor thrombus had an approximately 8-fold increased risk of VTE during follow-up. With the unique ability of RCC to produce tumor thrombus, the risk of VTE might increase as tumor thrombus enters the pulmonary circulation after surgery. 18 Furthermore, tumor thrombus can stimulate procoagulant factors through activation of vascular endothelial cells, which might contribute to an increased risk of VTE.
14 In a previous study, Ihaddadene et al reported that the incidence of VTE was higher in patients with residual tumor thrombus after surgery than in those with complete tumor thrombus resection or no tumor thrombus (HR 8.7, 95% CI, 1.7-43.4 for complete resection; HR 6.5, 95% CI, 1.7-24.7 for no thrombosis). 17 Our current findings are consistent with these results, as our patients with tumor thrombus had a higher incidence of thromboembolic events than those without thrombus. However, we did not classify patients according to whether they had residual tumor thrombus postoperatively. Nevertheless, we examined the effects of variables that could be related to VTE, such as smoking, tumor extent, inflammatory markers, and hemogram results. [19] [20] [21] [22] In addition, we performed subgroup analysis in patients who were not diagnosed with stage IV at the initial diagnosis because advanced stage is associated with increased biological activity of the tumor, and previous studies have reported that the biological aggressiveness of tumors could be positively correlated with thromboembolic events. 7, 21 Our results show that tumor thrombus was one of the statistically significant risk factors for VTE in the total study population, as well as in the subgroup of patients who were not diagnosed with an advanced stage initially.
Although hemogram results, such as the platelet count and hemoglobin, were not associated with an increased incidence of VTE, older age and increased CRP were identified as risk factors for VTE in the present study. The CRP is a representative inflammatory marker; an inflammatory state could contribute to VTE through activation of vascular endothelial cells and adhesion molecules, which could activate the coagulation cascade. 15, 23, 24 Older age is an established risk factor for VTE, which may be associated with underlying illnesses or reduced blood flow and stasis that increase the potential for coagulation. 25 Renal cell carcinoma (RCC) is a type of malignancy frequently associated with the development of VTE, with a 1.3-to 5.3-fold higher risk of VTE than cancers with a low thromboembolic risk. 9, 26 In the current study, the incidence of VTE was low (1%) compared to that found in previous studies. 9, 21, 27 This difference could be explained by the characteristics of our patients. We evaluated a homogeneous group of patients who had undergone surgery, most of whom (93.3%) did not have metastatic lesions. In malignant neoplasms, tumor cells can activate the hemostatic system and coagulation cascade through procoagulant factors, including tissue factor, cancer procoagulants, and inflammatory cytokines. Additionally, interaction of tumor cell surface adhesion molecules with platelets, leukocytes, and vascular endothelial cells can promote clotting activation and thrombus formation. Through these processes, tumor cells can promote the development of VTE. Additionally, procoagulant proteins can support the metastasis of tumors by promoting neoangiogenesis. 26 This synergistic interaction may explain the positive correlation between cancer biological activity and VTE formation. 7, 21 Therefore, our patients likely had a relatively low incidence of VTE because of fewer biologically aggressive tumor features.
In the present study, we found that tumor thrombus predicted poor PFS but not OS. The effect of tumor thrombus on survival has been controversial in previous studies. 13, 17, 28, 29 Ihaddadene et al reported that residual tumor thrombus was not Figure 2 . Survival outcomes according to the presence or absence of tumor thrombus: (A) progression-free survival (5-year survival: 88.0% vs 37.4%, P < .001) and (B) overall survival (5-year survival: 90.0% vs 52.3%, P < .001).
